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THE PROGRESS OF RESEARCH IN THE COE COLLEGE
RADIOLOGICAL LABORATORY
SCOTT W.

s~nTH

JR.

Ever since the discovery of x-rays by Prof. \V. K. Rontgen in
1895, the physicist has played an important part in the advancement of knowledge leading to the use of x-rays in therapy. Doctor Coolidge with hi~ high voltage tube made it possible to produce very penetrating x-rays; while Professor Dessauer of Germany in his study of the distribution of x-rays, Professor Duane
of Harvard, and many other physicists, have aided materially in
the harnessing of this potent form of radiation for use in therapy.
Therefore in the establishment of the Radiological Research
Bureau of Coe College, the primary aim was to investigate such
problems in the physics of x-rays as were of vital importance to
medical science.
As we all know, x-rays are a for~ of radiation of very short
wave length, being about one ten-thousandth that of the visible
spectmm. X-rays, such as are delivered by the modern Coolidge
tube, are produced by the impact of a stream of rapidly moving,
negatively charged electrons against a tungsten anode or target in
a high v.acuum. A small filament in the cathode end of the tube
is made incandescent and hence it sends out into the high vacuum
of the tube a stream of electrons, the quantity of which depends
on the temperature of the filament. The speed of the electrons,
as long as there is no potential on the tube, is comparatively small
and should any of them reach the anode, their impact would be
too feeble to produce any appreciable effect; but if a potential difference is maintained between the anode and cathode, the speed
of, the electrons is much greater. \Vith a potential of 200,000
volts-which is used in modern therapy-the impact of the electrons with the target is decidedly effective. This is evidenced from
the fact that when the tube is operated at high voltages the target
becomes white-hot from the heat generated by the impact. The
ether is also being disturbed and the target is sending out ether
pulses of short wave length, which are x-rays. Though x-ray~
may be produced with a potential of only a few thousand volts
across the tube, they are of very long \vave length and hence of
insufficient penetration to be used in therapy.
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The maintenance of a high voltage across the tube was at first
accomplished by means of a static machine, and then by induction coils, but now the high voltage transformer is almost exclusively employed. It consists of a step-up transformer with a
rectifying switch to convert the high tension alternating current
into a unidirectional current. There are many types of transformers used today and even more kinds of rectifying devices-most
of which are of a rotating type-but the same general principle
applies to all.
For a long time surface cancer has been treated quite successfully with x-rays but deep seated malignancies have offered certain obstacles. A radiation of such penetration was needed as
would reach the malignancy without injury to the skin and intervening tissue. This has been made possible by modern x-ray
apparatus. However there is yet much to be determined on the
amount and nature of the radiation reaching certain depths in
the medium. It is this problem with which we have concerned
ourselves in this laboratory, for without such knowledge in
treating a hidden cancer, the practitioner is working more or less
in the dark.
Owing to the fact that the penetration, scattering, and absorption of x-rays is practically the same in water, paraffin, and wood
as it is in tissue, it is not necessary to use a patient in the determination of the distribution of the radiation in the medium. For
convenience, a water phantom was used and the relative intensity
of the radiation was measured at the surface and at depths of
5, 10, 15, and 20 centimeters below the surface of the water, both
at the center of the area radiated and at the edge of the beam.
Thus with a given x-ray beam and the data of these measurements, the percentage of the beam reaching any point could be
determined.
There are various methods of measurement which have been
employed with varying degrees of success. The Fiirstenau Intensimeter makes use of a selenium cell balanced against a known resistance in a wheatstone bridge. It has the advantage of instantaneous readings but it is subject to error due to the fatigue of
the selenium cell. The method employing the change in color of
certain strips and pastilles, also the deposition of silver on photographic films, has the disadvantage of difficulty in accurately interpreting the variations in color and density. The method most
generally accepted, and the one employed by us, is the ionization
method. The apparatus \Ye use was constructed in our laboratory
and
consists of an ionization chamber and a gold leaf clectrometer
https://scholarworks.uni.edu/pias/vol30/iss1/7
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Fig. 1

for.measuring the ionization. A charge of electricity is placed on
the gold leaf in the electroscope and as the air is ionized in the
ionization chamber, the charge gradually leaks off through ttJe
air which 'is now made temporarily a conductor. The gold leaf
therefore falls and the rate of fall is measured by means of a stop
watch. Since the ionizing effect of x-rays is directly proportional
to the intensity of the radiation, the rate of fall of the gold leaf
may be taken as a proportional measurement of the intensity of
the radiation.
A beam of x-rays as it leaves the tube is far from homogeneous, being made up of both long and short wave lengths. It is
. found that by increasing the voltage, the beam becomes richer
and richer in penetrating short wave lengths. However, even with
the high voltages now being used, there still remains much soft
radiation which would be absorbed by the skin and thus injure it.
Hence a filter is used to absorb as many as possible of these undesirable soft rays.
A systematic study has been conducted by this laboratory to
determine the most desirable filter to use. Fifteen materials were
studied and the results of the investigation will appear soon in the
American Journal of Rontgenology. It was shown that the six
most efficient materials were copper, zinc, nickel, iron, and two
alloys of brass and monel metal. · It is of interest to note that these
materials are composed of metals having atomic weights from SS
to 6S, and atomic numbers from 2S to 30, indicating some dependence of efficiency upon these factors. The thickness of the finer
also enters into the problem. Suppose the beam to pass through
a very thin layer of the filter material; as .a result, some of the
soft rays are absorbed and the rest of the beam passes through.
Now let another layer be added-still more of the soft rays will
Published by UNI ScholarWorks, 1923
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be absorbed, and so on as more and more filter is added. However, after a certain ·amount of the beam has been absorbed, the
. remaining rays are of a very penetrating nature and any further
addition of filter would merely cut down the intensity without
changing the composition of the beam. We call this the limit of
economical filtration. It is attained when about 75 per cent to ·
80 per cent of the beam has been absorbed.
After. a very penetrating beam has been produced by passing
the x-rays through a suitable filter, still other variations must
be taken into account. It is found t.hat on increasing the distance
from the tube to the medium and on increasing the size of the
area exposed to the radiation a greater percentage of the beam
reaches a depth in the medium. It is further found that there is.
also a point beyond which increase in size of field and anode-skin
~istance is no longer practical or profita\)le because of the increase in time required to give a certain amount of radiation. A
detailed study of these factors is now being conducted in the laboratory with a view to the construction of a series of charts by
means of which the practitioner will be able to determine the
amount of radia.tion delivered to a certain depth in a patient with
any combination of the varying factors mentioned above. A report of this study will be published early in the summer.
CoE CoLLEGE.
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